Methods: We studied 41 patients undergoing 73 staged treatments of arteriovenous malformations with endovascular embolization, surgery, or both. Before treatment during the awake state, transcranial Doppler mean and peak velocities were recorded in proximal Willisian vessels. During superselective angiography with the patient under conscious sedation or during surgery with the patient under general anesthesia, feeding mean arterial pressure was measured through a 1.5F transfemoral intracranial microcatheter or a 26-g needle by direct puncture. Measurement of insonated artery diameter was possible in 41 embolizations, and a flow velocity index (mL/min) and Reynolds' number were estimated.
Results: Mean+SEM feeding mean arterial pressure was 38+2 mm Hg at a systemic mean arterial pressure of 77+2 mm Hg; mean velocity was 102±4 cm/s. There was an inverse correlation between feeding mean arterial pressure and parent artery mean velocity (y=-0.74x+130, r=.35, P=.0025). The best correlation was for the first treatment in each patient (n=27) using the highest peak velocity obtainable in a Willisian vessel ipsilateral to the arteriovenous malformation (y=-1.61x+221, r=.62, P=.0005). Flow velocity index (775±+106 mL/min) did not correlate with feeding mean arterial pressure, but there was a weak correlation with Reynolds' number (y=-12x+1616, r=.27, P=.1283). Mean Reynolds' number was 1257+ 119.
Conclusions: Transcranial Doppler mean velocity is correlated with feeding mean arterial pressure but only weakly predictive. Considerations influencing the relation of distal feeding mean arterial pressure to proximal mean velocity might include the influence of other fistulae in the circuit between major inflow and outflow channels as well as turbulent flow at vascular branch points between point of insonation and the nidus, as suggested by Reynolds' number values of more than 400. (Stroke. 1993; 24:1897 -1902 During embolization, patients were sedated (but easily arousable) with a neurolept/propofol technique. Under fluoroscopic guidance, a 6.5F coaxial catheter was positioned in either the cervical internal carotid (ICA) or the vertebral artery (VA) through a 7.5F transfemoral introducer sheath (Fig 1) . An intracranial microcatheter that was 1.5F at its distal tip (Chimiotherapie, Balt, Montmorency, France) was then passed through the coaxial catheter.
Pressures were transduced with a strain gauge (Transpac, Abbott Critical Care, North Chicago, Ill) relative to the right atrium, displayed in real-time on a monitor (Merlin, Hewlett-Packard, Waltham, Mass) and digitally recorded with a MacLab system (AD Instruments, Adelaide, Australia) for later off-line analysis. Mean pressure data were used. 4 Simultaneous pressure measurements were made from the femoral artery sheath, the coaxial catheter orifice, and the tip of the microcatheter. For each feeding artery, the feeding mean arterial pressure (FMAP) and the systemic mean arterial pressure (SMAP) in the coaxial catheter were noted. The ratio (FMAP/SMAP) and the difference (SMAP-FMAP) of pressures were calculated.
Pressure measurements were made before the injection of embolic material, N-butyl cyanoacrylate. Although the use of microcatheters to accurately measure systemic mean pressure has previously been confirmed,4 we verified this in each case as follows. Before the microcatheter was advanced distally, it was placed just beyond the orifice of the coaxial catheter (see Fig 1) in the extracranial ICA or VA. Pressures were recorded simultaneously at the microcatheter tip, coaxial orifice, and femoral sheath, and it was confirmed that all pressures were within 5% of each other.
At each embolization procedure, one FMAP was measured, and this value was correlated with the corresponding preprocedural TCD velocity recorded for its parent artery.
For the surgical measurements, patients were anesthetized with an isoflurane/N20 technique as previously described.5 After dural reflection, the largest feeding artery branch that fed the AVM was cannulated with a 26-g needle, and the pressures were recorded with equipment identical to that described above for embolization. Pressures were relative to the right atrium, and SMAP was taken from an indwelling radial artery catheter.
AVM size was determined by the neuroradiologist from the patients' initial magnetic resonance imaging (MRI) or contrast-enhanced computed tomography (CT) study. In addition, parent artery diameter at the point of TCD insonation was measured from pretreatment angiograms in 41 embolization procedures, and a flow velocity index (FVI; mL/min) was calculated as follows:
Arterial diameter was measured as close to the point of maximum insonation signal as was practical. This required visualization of the arterial segment in the coronal plane; therefore, measurements were made in anteroposterior projections whenever possible. Arterial diameter on film was compared with a known standard disk or ring taped to the patient's head on both the beam entry and exit sides, and magnification was corrected on the basis of arterial position with respect to the two standards (n=10). When no interposed standard existed (n=31), bone landmarks such as clinoparietal line or sellar anteroposterior diameter were used only if digital MRI or CT could be used to scale such dimensions. Angiographic examinations without standards and ambiguous bone dimensions were excluded.
Reynolds' number (Re) was also estimated as described by Guyton Fig 5. There was no difference in any of the demographic, measured, or calculated physiological variables in patients with a hemorrhagic versus nonhemorrhagic presentation (P>.28).
Discussion
Several studies have reported separately on FMAP' 4,7-14 and TCD velocities in AVM patients. [15] [16] [17] [18] [19] [20] [21] The present study is the first report of the relation between them. Our findings for FMAP and TCD velocities are in agreement with those previously reported.
A weak but statistically significant correlation was found between FMAP and TCD measurements of the peak (Pv) and mean (v) velocity in the "parent" vessel feeding the AVM. The correlations were best for patients before any treatment, and the correlation was weaker afterward. The correlations, although statistically significant, were too weak to permit using measurement of TCD velocities to predict the precise arterial pressure at or near the entry of feeding vessels into the nidus. TCD may be convenient and noninvasive, but our findings suggest that it is an uncertain source of insight into the dynamics of pressure changes and risks of rupture. If any inferences on pressures at the nidus should be attempted, our data suggest that the initial, pretreatment TCD measurements should be the most reliable.
Some methodological considerations may have affected the correlation of FMAP with TCD velocities. First, some of the weakness in correlation may be explained by the long distance between the sites available for TCD velocity measurements and the fistula itself. Most of the patients had AVMs that were rather distal in the circulation, fed by arterial branches that were third-order or more distal branches from the TCD measurement site (M1, P1, or A1), and this argues against the isolated significance of the distance between the TCD velocity measurement site and the fistula.
Second, measurement of arterial diameter was corrected for image magnification. The magnification standards, however, were not always in the same plane as the measured vessel, thus contributing to an error measurement estimated to be between 5% and 10%.
Third, during embolization, FMAPs were taken close to the nidus, at the point of embolic material injection; this point differed slightly across procedures. However, our experience is that pressure drops encountered along AVM feeding arteries tend to occur at major branch points,1' and the FMAP was measured in all cases distal to any angiographically demonstrable major tributaries to normal regions, similar to the site of measurement during surgery. In our experience, small variations in the anatomic location of the catheter tip in the distal feeding artery do not significantly affect FMAP.
Finally 
